ABSTRACT
unlike the other sites. An elevation in nucleation mode particles associated with winds from the 3 West and WSW sector was concluded to result from emissions from London Heathrow Airport, 49 despite a distance of 22 km from the Central London sites. 
Sampling Instruments

144
The instruments (Table 1) were operated according to Wiedensohler et al. (2012) guidelines with 145 the omission of a dryer at three sites (discussed later), and calibrated and intercompared both before 146 and after the sampling campaign. Small correction factors (< 5%) were applied to CPC
147
(condensation particle counter) data as a result of the intercomparison. SMPS (scanning mobility 148 particle sizers) data were analysed using the AIM9 and AIM10 software provided by TSI as and North Kensington, and a further system with a short DMA (differential mobility analyses) gave 4.96-145.9 nm at Regent's University.
156
It was not possible to use identical SMPS systems at each site. The variants used are shown in 157 are expected to be minimal as platform-specific software was used to invert the data and both the 160 CPC are butanol-based, with only slightly different lower cut-points which were well outside of the 161 range of measured particles. At the Regent's University site, both a long DMA (3081) and short
162
column DMA (3085) were utilised and the data were merged to give a single continuous size ACTRIS Protocol. The dryers were tested when installed and showed very low particle losses (less 166 than 5%) and no significant change to particle size distributions (NPL, 2010) . The dryer may, 167 however, affect the particle size distribution due to the hygroscopicity of certain kinds of particles. (between 0 and 6 m s -1 ) and temperatures steadily rising to daily maxima of 12ºC.
191
The mixed layer heights (MLH) were determined from Vaisala CL31 ceilometer data collected at 
Modal Analysis of Size Distributions
209
Modes were fitted to the 15 min data obtained at Marylebone Road, Regent's and Westminster
210
Universities using curve fitting and data analysis software "Fityk (version 1.3.1)" developed by
211
Wojdyr (2010) . In the present analysis, a standard peak function (equation 1) was used to 212 disaggregate the size distributions into lognormal modes:
By fitting linear a combination of n peaks (P1 + P2 + … + Pi + …+ Pn) to the number size 214 distributions, the following information was calculated: 1) amplitude Ai and location of dN/dlogD at 215 the mode of the distribution ci, 2) area under the curve (nm cm -3 ), and 3) width of the lognormal
RESULTS AND DISCUSSION
219
Particle Size Distributions
220
A time series of total particle number concentrations from the SMPS instruments appears in Figure   221 2. A strong diurnal variation is seen at all sites and is exemplified by the average daily variation 222 shown in Figure 3 .
224
The data stratified by the wind direction measured at London Heathrow airport (LHR) (Figure 4) 225 were used to perform the modal analysis. The log normal modes fit to the size distribution were 226 used to provide insights into the separate modes contributing to a measured size distribution.
227
Although most measurements could be fit with three separate modes some distributions were best 228 fit with only two modes. An example of a three mode fit of a size distribution from North
229
Kensington appears in the data for the 270º wind sector at this site ( Figure 5 ). It may be seen that 230 using three modes gives a very good overall fit to the data. The details of the modes fitted and their
231
relative magnitude and breadth appear in Table S1 .
232
11
The Marylebone Road sampling site is located in a heavily trafficked (approx. 80,000 vehicles per 234 day) street canyon. The canyon is aligned almost east-west and the sampling site is at kerbside on 235 the southern side of the street. The canyon has a height to width ratio of ~1 consequently we expect (Table S1) show no strong effect of wind direction on the and broadly within the range of the second mode sizes at Marylebone Road (see Table S1 ). In our earlier studies of the evolution of particle sizes between Marylebone Road and Regent's Park for ground to sampling height (160 m) transport greatest. That analysis is not repeated in this study.
325
However, the nucleation mode size (Table S1 ) has grown slightly from the sizes measured at
326
Marylebone Road for the nucleation mode. It is notable that unlike the earlier results, the amplitude 327 of this mode at the BT Tower was substantial and slightly larger than that observed at the ground- Earlier studies have shown that particle number concentrations (< 100 nm) in a street canyon show little nocturnal elevation, we consider it unlikely that wood smoke explains our observations. emissions (e.g. from natural gas combustion) are not the source.
378
To evaluate this phenomenon more closely, the Black Carbon data were examined. These are 379 typically taken as a good tracer of diesel exhaust which is expected to be the main source of the that seen in the ratio of particle number count from the CPC to that derived from the SMPS. We 385 infer from this behaviour that a large number of particles smaller than the lower limit of the SMPS 386 and above the lower limit of the CPC (i.e. 2.5-14.9 nm for the 3776 instrument at Westminster temperature inversion), traffic-generated particle numbers were enhanced and could affect greatest at 3-4 am local time, which in London in winter is some 10-11 hours after sunset.
477
Additionally, such a phenomenon would be expected to be unrelated to local traffic emissions, and 478 hence more uniform across the various sites. 
542
The most interesting behaviour is seen at the elevated (160 m) BT Tower site, which is consistent humidity between any of the periods. Wind directions were generally in a south-easterly to easterly 569 sector, mean temperatures around 8ºC and relative humidity high (85 and 99%). The maximum 570 MLH were low and there was a lot of rain ( Figure S1 ).
572
In order to gain further insight, the time series of observations were plotted for this period and 573 appear in Figure 9 . The SMPS integrated number counts shown in Figure 9 (a) show a remarkable 574 similarity between Marylebone Road, Westminster University and Regent's University. For the 575 first two days, Regent's University concentrations are lower than those from the other two sites, 576 although on the third day they are very similar to those at Westminster University. On the first and 577 last days, the peak concentrations at Marylebone Road exceed those at Westminster University but 578 on the middle day (January 31 st ) the differences between these two sites are very small. The CPC 
CONCLUSIONS
606
The measurement of particle number size distributions in the atmosphere is resource intensive and 607 there have been rather few studies in which more than two samplers have been operated within a 608 city. Typically if there are two sites, one is a traffic-influenced site and the other urban background.
609
In this study, data have been collected at a total of five sites, although unfortunately the dataset 610 from the Westminster University site is limited to only a few days. Nonetheless, the dataset allows 611 some deep insights into the spatial distribution of particle sizes and number counts not only The other observation which was wholly unexpected was of the very poor relationship between total 658 particle numbers measured by the Scanning Mobility Particle Sizers and the total particle numbers 659 measured by co-located condensation particle counters. While both the SMPS counts and co- atmosphere, leading to condensation on small nuclei when the general particle concentrations and 675 hence the condensation sink are relatively low in magnitude. Road (MR), Westminster University (WU) and Regent's University (RU) sites.
1028
Figure 2: Time series of total particle number count from the SMPS instruments at the five sites 1029 (Fig. 1, Table 1 ) over the campaign period. 
